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ABSTRACT Equipping the standard plastic cup trap, also known as the CC trap, with lime-green
light-emitting diodes (LED-plastic cup trap) increased its efÞcacy for catchingBemisia tabaci by 100%.
Few Eretmocerus eremicus Rose and Zolnerowich and Encarsia formosa Gahan were caught in
LED-plastic cup traps. The LED-plastic cup traps are less expensive than yellow sticky card traps for
monitoring adult whiteßies in greenhouse crop production systems and are more compatible with
whiteßy parasitoids releases for Bemisia nymph control.
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Bemisia tabaci (GENNADIUS) is a polyphagous pest
and virus vector that complicates conventional control
efforts. A recently described Bemisia tabaci biotype B
(Bemisia argentifolii Bellows and Perring) has an ex-
panded host range and attacks a larger number of Þeld
and greenhouse plants (Perring 2001). In commercial
greenhouse production, aphelinid parasitoids have
been used to control the greenhouse whiteßy (Tri-
aleurodes vaporariorum Westwood) (van Lenteren et
al. 1997) and Bemisia spp. (Gerling 1990). Yellow
sticky card (YC) traps are also used by growers to
monitor and to reduce adult whiteßies and other pests
in greenhouses, but they also catch whiteßy-associ-
ated parasitoids and their use conßicts with parasitoid
efÞcacy. We have developed a plastic cup trap with a
yellow base, also known as the CC trap, which is
selective for adultB. tabaci and catches few parasitoids
of B. tabaci (Chu and Henneberry 1998, Hoelmer et al.
1998). The trap has been used for monitoring B. tabaci
adult populations year round (Chu et al. 2001). The
objective of this study was to determine the potential
use of the plastic cup trap equipped with a light-
emitting diode (LED) in greenhouses in conjunction
with releases of the parasitoids, Eretmocerus eremicus
Rose and Zolnerowich and Encarsia formosa Gahan, to
control Bemisia nymphs.

Materials and Methods

Commercial Greenhouse Experiment

Greenhouse and Plant Culture. A 528-m2 (16-m
wide � 33-m long) commercial size greenhouse at the

University of Arizona in Tucson, AZ, was used for the
experiment. It housed seven 30-m long rows of ma-
tured vine tomatoes (Lycopersicon esculentum L., va-
riety commune) in the center, one row of matured vine
bell pepper (Capsicum annuum L.) on one side, and
one row of cucumber (Cucumis sativas L.) on the
other side. Nutrients were supplied with a diluted
complete nutrient solution (pH 5.0) through a drip
system. The tomatoes were a mixture of varieties:
Blitz, Rapsodie, Quest, and Mariachi. The pepper and
cucumber varieties were Mondo and Cazorla, respec-
tively. Rows were 1.22 m apart. The growth medium
was plastic bagged rockwool material. Plants were
�3.0 m tall and were trained on a 3.3-m high wire
trellis. Each tomato row had two sub-rows, 0.61 m
apart. We divided the tomato rows #2, #5, and #8 into
eight plots, 7.6-m long each. Temperature and humid-
ity were maintained at 25�:16�C (day: night) and 50Ð
80%, respectively. No artiÞcial lights were provided.

Experiment1.A randomized complete block design
was used to compare the plastic cup trap with a YC
trap. The treatments were replicated four times. The
plastic cup trap treatment was a group of 22 standard
plastic cup traps (Fig. 1A) with the deßector removed
and with a Tanglefoot coating on the inside of the trap
top (coated plastic cup trap, Fig. 1B). In a preliminary
cage study, we found that the catches of B. tabaci
adults in one standard plastic cup trap were similar to
the catches of a 42-cm2 YC trap. The 22 plastic cup
traps were suspended on the wire that also supported
the tomato plants, with eleven traps per sub-row.
Traps were spaced evenly, with the yellow-colored
trap base leveled with plant terminals. The YC trap
was placed at the center of the plot with the bottom
side leveled with plant terminals. By the completion of
the test after 7 d, trap bases were 10Ð15 cm below
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terminals. Bemisia tabaci in the greenhouse were most
likely from cotton plants in the surrounding area. Con-
trol measures taken were the application of the in-
secticides Azatin (Azadirachtin) and M-Pede (potas-
sium salt of fatty acids), and the release of 1,500 each
of E. eremicus and En. formosa. The traps were in-
stalled on 19 April 2001 and trap catches were counted
7 d later.

Research Greenhouse Experiment

Cages and Plant Culture. Eight small wood (60 �
140 � 164 cm, l � w � h) and six large aluminum cages
(278 � 278 � 278 cm) covered with 72-mesh screen
were used in the experiments. Plants in each small
cage were Þve 4Ð5 true leaf potted green bush beans
(Phaseolus vulgarius L. variety humilis) cultivar Lan-
dreth (NK Lawn & Garden Co., Chattanooga, TN).
Plants in each large cage were 24 mature tomato cul-
tivar ACE 55 plants (Petoseed, Saticoy, CA). Tomato
plants had 12Ð15 nodes and were in the fruiting stage.
All plants were watered daily with a diluted nutrient
solution (15Ð5-15 Cal-Mag, Scotts Co., Marysville,
OH).

Experiments. Experiments on light-emitting diode-
equipped plastic cup traps were conducted in cages in
greenhouses in Phoenix, AZ, using randomized com-
plete block designs. There were four experiments. The
six large cages were used for experiments 2, 3, and 4;
and the eight small cages for experiment 5. The LED-
plastic cup traps were the coated plastic cup traps

equipped with upward- (Fig. 1C), downward- (Fig.
1D), or downward-lo (Fig. 1E)-directed, 530 nm lime-
green LEDs (Nichia America Corp, Mountville, PA).
For upward-directed LED only, the top of the trap was
covered with white paper to reßect the LED light.
Electricity was from 110 V wall-plug units with a
home-made transformer to obtain 6 V DC. Traps were
120 and 270 cm apart in each small and large cage,
respectively, facing each other. Traps were 10Ð15 cm
above plant terminals in the small cages and 10Ð15 cm
below plant terminals in the large cages.

Experiment 2 compared trap catches between
LED-plastic cup traps equipped with upward- and
downward-directed LED. Experiment 3 compared
trap catches between LED-plastic cup traps with
downward-directed LED and coated plastic cup traps.
Experiment 4 compared trap catches between LED-
plastic cup trap with downward-directed LED and YC
traps. Experiment 5 compared trap catches between
LED-plastic cup traps with downward- and down-
ward-lo-directed LED. One thousand adult B. tabaci
were released daily in each small cage for experiment
5. NoB. tabaciadults were released into the large cages
for experiments 2, 3, or 4 because the tomato plants
were highly infested with B. tabaci. Six hundred E.
eremicus and 100 En. formosa were released into each
cage for experiment 3; and 900 E. eremicus and 490 En.
formosa for experiment 4. Traps were replaced and
trap catches were counted daily for experiments 2Ð5.
Numbers of sampling dates were Þve, four, eleven, and
eight for experiments 2, 3, 4, and 5, respectively. The

Fig. 1. The plastic cup trap: (A) standard, (B) coated, (C) light-emitting diode (LED) equipped with the LED upward,
(D) LED downward, (E) LED downward-lo.
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study was conducted from 13 February 2001Ð24 May
2002. During the experimental periods, mean mini-
mum temperatures ranged from 10.3 � 0.6 to 23.9 �
0.4�C and maximum temperatures ranged from 29.0 �
0.5 to 48.5 � 0.7�C. Mean relative humidity ranged
from 24.8 � 0.8 to 80.2 � 1.2%.

Statistical Analyses. Numbers of trap catches were
averaged over sampling dates per coated plastic cup
trap and per 100-cm2 YC trap per week for experiment
1, and per LED-plastic cup trap and per 100-cm2 YC
trap per day for experiments 2Ð5. Data were analyzed
using analysis of variance and means were separated
using t-tests.

Results and Discussion

Similar trap catches of B. tabaci and En. formosa
were found for the YC and coated plastic cup traps
in the commercial greenhouse experiment, although
the YC traps caught signiÞcantly more E. eremicus
compared with the coated plastic cup traps (Table 1,
experiment 1). Trap catches of B. tabaci were 1.6
times higher for LED-plastic cup traps with the down-
ward-directed LED compared with the upward-di-
rected LED (experiment 2) and 6.1 times higher for
LED-plastic cup traps with the downward-directed
LED compared with the coated plastic cup traps (ex-
periment 3). Trap catches of B. tabaci for the LED-
plastic cup trap with the downward directed LED
were not signiÞcantly different from catches on YC
traps (experiment 4) and catches of B. tabaci in down-
ward-directed and downward-lo-directed LED traps
also were not signiÞcantly different (experiment 5).
The LED-plastic cup trap catches were 18.6 times
higher for E. eremicus compared with the coated plas-
tic cup trap, but not En. Formosa (experiment 3). Trap
catches of E. eremicus or En. formosa in LED-plastic
cup traps were 7% of the catches on YC traps (exper-
iment 4).

We reported earlier that the standard plastic cup
trap caught half of the adult B. tabaci compared with
one 100-cm2 YC trap (Hoelmer et al. 1998). Results of
this study showed that equipping the standard plastic
cup trap with a lime-green LED increased its efÞcacy
for catching B. tabaci by 100%. B. tabaci generally do
not ßy at night (Liu et al. 1994, Chu et al. 1998), thus,
the increased catches of B. tabaci in LED-plastic cup
traps indicate they responded to lime green light
(peak 530 nm). Similar to the standard plastic cup trap,
the LED-plastic cup trap seems to be compatible with
B. tabaci associated parasitoids because catches of
adult Eretmocerus and Encarsia were negligible. Adult
Eretmocerus was also attracted to green light (plant
cue, Blackmer and Cross 2001), but could have soon
left the light source when they failed to Þnd the host,
Bemisia nymphs. Also, the parasitoids did not ßy to-
ward the skylight under greenhouse or Þeld condi-
tions (Hoelmer et al. 1998, unpublished data).

Results of the study indicate that one LED-plastic
cup trap may have the potential efÞcacy of one 100-
cm2 YC trap. A conventional 15 � 30-cm YC trap has
a sticky surface of 900 cm2 when both sides are ex-
posed. Comparable trap catches could be achieved
with nine LED-plastic cup traps. When mass pro-
duced, each LED-plastic cup trap costs approximately
$1. The LED can be used for a long time because of low
voltage and low current input for LED activation. The
LED-plastic cup trap is also durable, requiring only an
occasional trap top replacement that costs �7 cents
apiece. YC traps cost $1 each (Olson Products, Me-
dina, OH) and must be replaced once a week for
highest trapping efÞcacy. In greenhouse farming in
which B. tabaci and possibly other whiteßy species are
economic pests, a monetary advantage from the use of
the LED-plastic cup traps would occur rapidly. Our
results suggest the compatibility of LED-plastic cup
traps in greenhouses in which supplement parasitoids
have been released for B. tabaci control. Further tests

Table 1. Mean � SE numbers of Bemisia tabaci and Eretmocerus and Encarsia caught with light-emitting diode equipped (LED) plastic
cup and yellow sticky card (YC) traps in cage experiments with tomato and bush bean plants

Exp. Trap type
LED

direction

No. adults/trap/daya

B. tabaci E. eremicus En. formosa

1 YC NAb 6.7 � 1.7ac 4.1 � 0.6a 0.7 � 0.3a
Coatedd plastic cup trap NA 5.5 � 1.4a 0.0 � 0.0b 0.4 � 0.1a

2 LED-whiteßy Up 1,019.3 � 105.7b Ðe Ð
LED-whiteßy Down 1,602.3 � 217.0a

3 Coated plastic cup trap NA 497.7 � 91.0b 1.8 � 0.4b 0.0 � 0.0a
LED-whiteßy Down 3,055.3 � 371.3a 33.4 � 11.5a 0.2 � 0.1a

4 YC NA 232.4 � 75.2a 39.2 � 2.8a 81.6 � 4.1a
LED-whiteßy Down 189.2 � 63.8a 2.8 � 0.4b 5.3 � 0.6b

5 LED-whiteßy Down 22.0 � 2.3a Ð Ð
LED-whiteßy Down-lo 24.1 � 3.3a Ð Ð

a Means within a column of a given experiment not followed by the same letter are signiÞcantly different (t-test, P � 0.05). F � 1.2, 38.6,
and 1.0 for B. tabaci, E. eremicus, and En. formosa and df � 1, 3 for experiment 1; F � 18.1 for B. tabaci and df � 1, 5 for experiment 2; F �
61.4, 7.8, and 4.3 for B. tabaci, E. eremicus, and En. formosa, respectively, and df � 1, 5 for experiment 3; F � 0.5, 158.6, and 345.0 for B. tabaci,
E. eremicus, and En. formosa, respectively, and df � 1, 5 for experiment 4; and F � 0.2 and df � 1, 7 for experiment 5.

b NA � not applicable.
c Adults/trap/week.
d The inside surface of the trap was coated with an insect adhesive.
e No data.
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with greenhouse whiteßies, T. vaporariorum, and En-
carsia parasitoids are needed.

Acknowledgments

We thank Patricia Rorabaugh for providing her commer-
cial greenhouse and Mauricio Mathias for his assistance to set
up the experiment. We also thank Eleanor Gladding, Scott
Davis, and Tawnee Wilbur for their assistance in the course
of the study.

References Cited

Blackmer, J. L., and D. Cross. 2001. Response of Eretmo-
cerus eremicus to skylight and plant cues in a vertical ßight
chamber. Entomol. Expt. Appl. 100: 295Ð300.

Chu, C. C., and T. J. Henneberry. 1998. Development of a
new whiteßy trap. J. Cotton Sci. 3: 104Ð109.

Chu, C. C., T. J. Henneberry, and M. A. Boykin. 1998. Re-
sponse of Bemisia argentifolii (Homoptera: Aleyrodidae)
adults to white ßuorescent and incandescent light in
laboratory studies. Southwest. Entomol. 23: 169Ð181.

Chu, C. C., T. J. Henneberry, E. T. Natwick, D. Ritter, and
S. L. Birdsall. 2001. EfÞcacy of CC traps and seasonal
activity of adult Bemisia argentifolii (Homoptera: Aley-

rodidae) in Imperial and Palo Verde Valleys, California.
Econ. Entomol. 94: 47Ð54.

Gerling, D. 1990. Worldwide biological control for Bemisia
tabaci. pp. 71Ð74. In K. Yokomi, K. R. Narayanan and D. J.
Schuster [eds.], Sweetpotato whiteßy-mediated vegeta-
ble disorders in Florida, 1Ð2 February 1990. Institute of
Food and Agriculture Science, University of Florida,
Homestead, FL.

Hoelmer, K. A., W. J. Roltsch, C. C. Chu, and T. J. Hen-
neberry. 1998. Selectivity of whiteßy traps in cotton for
Eretmocerus eremicus (Hymenoptera: Aphelinidae), a na-
tive parasitoid of Bemisia argentifolii (Homoptera: Aley-
rodidae). Environ. Entomol. 27: 1039Ð1044.

Liu, T.-X., R.D.Oetting, andD.Buntin. 1994. Temperature
and diel catches of Trialeurodes vaporariorum and Bemi-
sia tabaci (Homoptera: Aleyrodidae) adults on sticky
traps in the greenhouse. J. Entomol. Sci. 29: 222Ð230.

Perring, T. M. 2001. The Bemisia tabaci species complex.
Crop Protection 20: 725Ð737.

van Lenteren, J. C., Y. C. Drost, H.J.W. van Roermund, and
C.J.A.M. Posthuma-Doodeman. 1997. Aphelinid parasi-
toids as sustainable biological control agents in green-
houses. J. Appl. Entomol. 121: 473Ð485.

Received for publication 9 August 2002; accepted 13 Decem-
ber 2002.

546 JOURNAL OF ECONOMIC ENTOMOLOGY Vol. 96, no. 3


